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Abstract
The present experiment aimed to explore the interindividual variability in chemosensory abilities among the elderly popula-
tion. The chemosensory abilities of 559 subjects, aged from 65 to 99 years, were evaluated. Various categories of the elderly, 
including people who were living at home either without or with assistance, and people who were living in a nursing home, 
were interviewed. The results revealed that 43% of the sample presented well-preserved chemosensory abilities, whereas 
21% of the participants presented a moderate impairment. Of the sample, 33% presented well-preserved olfactory abilities 
but strong impairment in gustatory abilities and 3% were nearly anosmic but remained able to perceive the salty taste, dem-
onstrating that gustation and olfaction were not systematically damaged simultaneously. The results showed a link between 
the level of dependence (free living vs. living at home with help vs. nursing home) and chemosensory abilities, independently 
of the age effect. These results strengthen the hypothesis that the impairment of chemosensory abilities is not only an effect 
of age per se; rather, it is related to events that are associated with aging. Factors that lead to increased dependence (such as 
poor health) also lead to an impairment in chemosensory performance.
Key words: aging, nursing home, odor, perception, segmentation, taste
Introduction
Aging is accompanied by an impairment of chemosensory 
abilities, that is, the ability to perceive an odor or a taste 
(Doty et  al. 1984a; Murphy 1986; Schiffman 1993; Mojet 
et al. 2001). However, beyond this overall effect of age on 
chemosensory abilities, aging is accompanied by interindi-
vidual variability in olfactory performance scores and, to 
a lesser degree, in taste performance scores (Stevens and 
Cain 1987; Stevens and Dadarwala 1993; Thomas-Danguin 
et al. 2003; Laureati et al. 2008). For instance, Laureati et al. 
(2008) evaluated the ability of elderly subjects (mean age: 
81 years) and younger subjects (mean age: 23 years) to iden-
tify odors and tastes using a forced choice procedure. The 
results showed that for a composite score with a maximum 
value of 20, the scores of the elderly subjects varied from 4 
to 17.5, whereas those of the younger subjects varied from 
12 to 20.
Several mechanisms have been proposed to explain the 
effect of age on olfactory and gustatory sensitivity (Boyce 
and Shone 2006). From a physiological standpoint, aging is 
accompanied by the drying of the olfactory mucosa; modifi-
cations in the flow and composition of saliva, which disrupts 
the release and transport of aromatic and sapid molecules; 
changes in cell membranes, leading to the impaired function-
ing of ion channels and taste receptors; and slower turno-
ver of sensory cells, leading to a reduction in the number 
of olfactory receptors (Larsson 1996; Mioche et al. 2004). 
However, beyond these physiological mechanisms that are 
inherent in the aging process per se, factors that are related 
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to the lifetime experiences of each individual are likely to 
affect chemosensory perception. Mackay-Sim et  al. (2006) 
reported a relatively small impairment in the olfactory abili-
ties of elderly subjects who were in good health, that is, those 
who did not require medication, did not smoke, and did not 
have a history of nasal problems (age range: 60–79  years 
old). By contrast, there was a marked impairment in the 
olfactory abilities of elderly persons who did not meet these 
criteria. Similarly, Griep et al. (1997) reported that indepen-
dently of the effect of age, poor general health correlated 
with a decrease in the detection threshold for isoamyl acetate 
(age range: 53–86 years old). Finally, de Jong et al. (1999) 
showed that institutionalized persons had lower scores on 
a smell identification task and a taste perception task than 
did persons who lived independently (see also Pelchat and 
Burkhardt-Kulpa 1996; Gopinath et al. 2012).
The first objective of the present experiment was to explore 
this interindividual variability among the elderly population. 
This goal was achieved using a multicenter survey that was 
conducted in France (Aupalesens survey). The chemosensory 
abilities of a large sample of subjects who were aged from 65 
to 99 years (n = 559) were evaluated using both gustatory and 
olfactory tests. In line with authors who recommend using 
different measurements rather than a single measurement to 
evaluate olfaction (Cain and Rabin 1989; Weiffentbach 1991; 
Hummel et al. 1997), we selected olfactory tests that measured 
the participants’ ability to detect, discriminate, and categorize 
different odors. In fact, Weiffentbach (1991) pointed out that 
“the individual members of the composite family of sensory 
capabilities that comprise the chemical senses do not all age in 
the same way.” The gustatory test measured the subjects’ ability 
to detect and identify the salty taste. Indeed, according to the 
literature review of Mojet et al. (2001), salt perception seems to 
be more affected by age than are the other tastes. As we hypoth-
esized that some respondents could present lower abilities for 
only one sensory system (gustation or olfaction) and/or that 
some respondents could present lower ability for some olfac-
tory abilities but not all (detection, discrimination, or catego-
rization), we sought for clusters of respondents who presented 
similar patterns of performance rather than considering a con-
tinuum of performance combining the different scores.
The second objective of the present experiment was to 
explore the impact of age versus the impact of dependency 
on the elderly’s chemosensory abilities. Dependency was 
defined as an individual’s propensity to rely on others for sup-
port in everyday activities. The factor dependency was chosen 
as a proxy of the physical and mental shape of the elderly 
respondents. Indeed, elderly people who experience difficulty 
with everyday activities are more likely to require medical ser-
vices (Mor et al. 1994), suffer from depression (Girling et al. 
1995; Alexopoulos et al. 2002; Covinsky et al. 2010), and suf-
fer from cognitive deficiency (Alaphilippe and Bailly 2013). 
In the Aupalesens survey, interviews were conducted with 
various categories of elderly people, including people who 
were living at home, either without or with assistance, and 
people who were living in a nursing home. Older people who 
presented a severe cognitive impairment were not included in 
the present experiment, as the chemosensory tests required 
verbal answers and were no validated for such a population.
Materials and methods
Elderly sample
The data were collected as part of a program that aimed to 
study eating behavior and dependency (Aupalesens project: 
Improving the pleasure of elderly people for better aging and 
to fight against malnutrition). In 2011, 559 participants who 
were older than 65 years old (65–99 years old, 387 women, 
172 men) were recruited in 4 French cities and their suburbs 
(Angers, Brest, Dijon, Nantes). These participants were cat-
egorized into 4 categories that ranged from a high level of 
autonomy to a high level of dependency. These 4 categories 
were defined prior to the survey, as follows: category 1, elderly 
people living independently at home; category 2, elderly peo-
ple living at home with help unrelated to food activity (e.g., 
housekeeping; gardening; personal care); category 3, elderly 
people living at home with help including that related to food 
activity (e.g., food purchasing; cooking; home meal delivery); 
category 4, elderly people living in a nursing home.
The recruitment criteria were as follows: older than 65 years 
old; no acute pathological episode at the time of the survey; 
no food allergies; not on a doctor-prescribed diet; scoring at 
least 20 on the Mini–Mental State Examination (MMSE) 
(Folstein et  al. 1975). The MMSE screens for cognitive 
impairment; scores that are greater than or equal to 25 points 
(out of 30) indicate normal cognition. Below this, scores can 
indicate mild (21–24 points), moderate (10–20 points), or 
severe (≤9 points) cognitive impairment. Participants who 
self-reported a congenital anosmia or an anosmia due to 
head injury, and participants who suffered from a sinusitis 
or a severe respiratory infection at the moment of the sur-
vey were also excluded. An interview was carried out with 
each candidate to ensure that they met the inclusion criteria. 
The experimental protocol of the survey was approved by the 
French Ethics Committee for Research (CPP Est I, Dijon, 
#2010/42, AFSSAPS# 2010-A01079-30). In accordance with 
the rules of ethics, all of the participants received written and 
oral information on the survey before signing a consent form.
Chemosensory tests
The olfactory and gustatory tests were selected based on a 
preliminary experiment that was conducted with 60 elderly 
participants (24 men and 36 women; mean age: 73 years; age 
range: 61–85 years). These participants were not included in 
the current survey. The preliminary experiment allowed us to 
select a battery of tests to explore the variability of chemosen-
sory abilities within a population of elderly people, particularly 
frail, dependent individuals. We sought a compromise between 
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having a sufficient number of tests and stimuli and the risk 
of tiring/exasperating the participants. In addition, as elderly 
dependent subjects (notably those living in nursing homes) 
often tend to be depressive (Girling et al. 1995; Alexopoulos 
et al. 2002; Covinsky et al. 2010), we selected tests that did not 
give the impression that the participants consistently failed.
Short European Test of Olfactory Capabilities
Based on the results of the preliminary experiment, 6 trials 
(i.e., vanilla, apple, petroleum, orange, rose, and thyme) were 
selected from the 16 that were proposed in the European Test 
of Olfactory Capabilities (ETOC) test. Each trial consists 
of 4 vials, and only one of these vials contains an odorant 
(Thomas-Danguin et  al. 2003). For each trial, the partici-
pants were asked to note the odorous vial through a forced 
choice detection task. A detection score (/6), corresponding 
to the number of odors that were correctly noted, was cal-
culated for each respondent. The odorants of the ETOC test 
were provided by the creators of this test (EZUS LYON).
Monadic olfactory test
Twelve vials were presented one by one to the participants. 
These included 6 vials that contained an odorant with a food 
smell and 6 vials that contained an odorant with a non-food 
smell (Table  1). For each vial, the participants were asked 
to indicate whether they could smell something in the vial. 
When they perceived an odor, they were asked to indicate 
whether it was a food or a non-food smell. The following 2 
scores were calculated: a detection score (/12), correspond-
ing to the number of odors that were perceived, and a cate-
gorization score (/12), corresponding to the number of odors 
that were correctly categorized according to their edibility 
value. When the odor was not perceived, the answers to the 
edibility task were classified as inaccurate.
Odor discrimination test
Three blocks of 3 odorous vials were presented one by one 
to the participants. Within each block, one vial was identi-
fied as the control. Of the other 2 vials, one contained the 
same odorant as the control and the other contained a differ-
ent odorant. The 2 stimuli were chosen to present different 
qualities of odor (Table 2). For each block, the participants 
were asked to indicate which of the 2 vials held a smell that 
differed from the smell in the control vial (duo-trio task). 
A discrimination score (/3), corresponding to the number of 
successful trials, was calculated from the results.
For the monadic and discrimination tests, the odorants con-
sisted of food flavorings, odorous preparations, food and non-
food products. The experimenters adjusted the concentrations 
Table 1 Stimuli of the monadic olfactory test
Odor Origin Concentration Diluent
Food smells
 Caramel Meilleur du Chef 5 mL/L Propylene glycol
 Lemon Meilleur du Chef 200 mL/L Mineral oil
 Milk Sentosphère — Encapsulated
 Pear Meilleur du Chef 200 mL/L Propylene glycol
 Strawberry Meilleur du Chef 200 mL/L Propylene glycol
 Thyme Meilleur du Chef 10 mL/L Mineral oil
Non-food smells
 Chanel n°5 Perfume — —
 Eau of Cologne Mont-Saint-Michel 500 mL/L Propylene glycol
 Lilac Sentosphère — Encapsulated
 Lily of the valley Cinquième Sens — —
 Rolland Garros Perfume — —
 Rose Firmenich 10 mL/L Mineral oil
Table 2 Stimuli of the odor discrimination test
Control Sample 1 Sample 2
Chicken 
aroma
80% chicken 
aroma + 20% 
onion aroma
Chicken aroma
Chicken 
aroma
Chicken aroma 80% chicken 
aroma + 20% 
garlic aroma
Beef aroma Fish aroma Beef aroma
All of the aromas were provided by Frutarom. For the first 2 trials, the odd 
stimulus was prepared by mixing 20% of an aroma (onion or garlic) with 
80% of the control aroma.
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of the odorants during successive trials to equalize the subjective 
intensity of all olfactory stimuli within each test. The monadic 
test and the discrimination test were designed to present rather 
high odor intensities to ensure that above-threshold levels were 
reached. Ten members of the laboratory staff rated the intensity 
of each odor on a 7-point scale that ranged from “very weak” (0) 
to “very strong” (6); the 5 intermediate points of the scale were 
anchored by increasing concentrations of butan-1-ol, as follows: 
0.05–0.10–0.20–0.40–0.80 mL/L. According to this preliminary 
experiment, the odors of the discrimination test tended to be 
rated as more intense than the odors of the categorization test; 
however, for both tests, the intensity scores were higher than the 
medium of the scale (categorization: M = 6.50; standard error 
[SE] = 0.20; discrimination: M = 7.80; SE = 0.22; F1,16 = 3.40; 
P  =  0.08). Regarding the monadic test, the same 10 subjects 
rated the edibility of each odor on a scale that ranged from 
“does not evoke a food at all” (0) to “strongly evokes a food” 
(10). The results showed that the food odors were rated as more 
edible than the non-food odors (food odor: M = 8.43; SE = 0.26; 
non-food odors: M = 0.67; SE = 0.13; F1,10 = 297.37; P < 0.001).
Gustatory test
Eight solutions were presented one by one to the participants. 
These solutions included 2 blanks (Evian water) and 4 con-
centrations of NaCl (S1: 0.21 g/L, S2: 0.59 g/L; S3: 1.90 g/L; 
S4: 5.90 g/L); the 2 middle concentrations (S2, S3) were rep-
licated. The concentrations were chosen from the results of 
Mojet et  al. (2001) and the preliminary experiments that 
were conducted with laboratory staff. S1 was lower than the 
thresholds that were indicated in Mojet et al. (very difficult 
level); S2 was near the mean threshold (difficult level); S3 
was higher than the highest thresholds (easy level); S4 was 
far above the thresholds (very easy level) to avoid, as far as 
possible, some participants’ failure on all of the tests. The 
solutions were presented in the following sequence: S1, S2, 
blank, S2, S3, S3, blank, S4. The participants were asked to 
taste a glass of water (Evian) and, then, to taste 20 mL of 
each sample and to indicate whether they perceived water 
or a taste. They were asked to rinse with water between each 
sample. The following 2 scores were calculated from the gus-
tatory task: a taste detection score (/8), corresponding to 
the number of salt samples that were perceived as having a 
taste and the number of blank samples that were perceived 
as water, and a salt detection score (/6), corresponding to the 
number of salt samples that were perceived as having a taste.
Background information
Dental status: the respondents were asked to indicate whether 
their dentition was complete (either natural or including bridges 
and dental implants—good dentition status) or incomplete 
with or without a denture (poor dentition status). Depression: 
depression was measured using the short form of the Geriatric 
Depression Scale (GDS) (Sheikh 1986). Diseases and drug use: 
a geriatrician counted the number of diseases, the number of 
drugs, and the number of drugs that were liable to affect olfac-
tion and/or taste from the medical prescription. Instrumental 
Activities of Daily Living Scale (IADL): this questionnaire 
assesses one’s ability to perform the tasks that are necessary 
to live independently, such as food preparation, housekeeping, 
and laundering (Lawton and Brody 1969). Smoking status: 
the respondents were asked to indicate whether they had never 
smoked, they were a former smoker, or they currently smoked. 
Short Physical Performance Battery (SPPB): this test detects 
mobility limitations by measuring physical strength, endur-
ance, and balance (Guralnik et al. 1994).
Procedure
The respondents participated in 2 sessions of approximately 
90 min each. During these sessions, extensive medical, nutri-
tional, psychological, sociological, and sensory data were col-
lected on the basis of tests and questionnaires. The sessions were 
organized as face-to-face interviews that were conducted by 6 
experimenters (all women) who had previously followed a 1-day 
training session. The monadic olfactory test, the gustatory test, 
and the odor discrimination test were performed during the 
first session, and the short ETOC test was performed during the 
second session. The order of the tests and the order of the odor-
ants within each test were the same for all of the participants, as 
we intended to compare the participants’ performance.
In parallel of this survey, one group of 63 young adults 
performed the olfactory tests (30 men and 33 women; mean 
age: 28 years; age range: 18–40 years) and a second group 
performed the gustatory test (21 men and 42 women; mean 
age: 26 years; age range: 20–40 years).
Data analysis
The sensory scores were converted into frequency scores that 
varied between 0 (poor performance) and 1 (good perfor-
mance). A matrix that contained the elderly subjects in rows 
and the sensory scores in columns was submitted to a non-
normed principal component analysis (PCA). The principal 
components were then submitted to a hierarchical cluster 
analysis (HCA; Euclidean distance, Ward criteria, k-Means 
consolidation), and the number of clusters was chosen based 
on the dendrogram. The HCA was run on the principal com-
ponents rather than on the raw data in order to run the HCA 
on independent variables and thus to improve the stability of 
the results. To characterize the chemosensory capacities of 
the different clusters, each sensory score was submitted to an 
ANOVA with cluster as a between-subject factor.
The PCA and HCA were conducted using SPAD soft-
ware (7.4; COHERIS). ANOVA and analysis of covari-
ance (ANCOVA) were performed using the General 
Linear Model procedure of STATGRAPHICS plus (5.1) 
(type III sum of squares). Least-squares means were com-
puted for each significant factor and submitted to multiple 
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comparison analysis using the Fisher’s least significant dif-
ference method. χ2 tests were performed using Question data 
6.7. All of the results that are reported here were significant 
at a level of 0.05 unless otherwise stated.
Results
Description of the elderly sample
Table 3 displays the variables that are related to the physical, 
mental, and health status of each category of dependency. 
As stated in the introduction, an increase in dependency is 
associated with a decrease in physical and mental status.
Correlation between the scores
Significant Pearson’s correlations were observed both 
within the olfactory scores and within the gustatory scores 
(Table 4). None of the olfactory scores correlated with the 
gustatory scores (R < 0.10, P > 0.05), suggesting that effect 
of aging on the olfactory system was independent of that on 
the gustatory system.
Evidence for different patterns of chemosensory 
impairment
The clustering analysis highlighted four patterns of chem-
osensory capacities among the elderly sample. According to 
Table 3 Description of the elderly sample according to the level of dependence
Level of dependence At home:  
without help
At home: help unrelated  
to food activity
At home: help related 
to food activity
Nursing 
home
n 289 74 101 95
Age mean 74 (6)a 81 (6)b 85 (6)c 87 (6)d F = 161.4*
Age range 65–90 68–92 67–97 69–99
Male 31% 27% 34% 28% χ2 = 1.2
IADL1 7.6 (0.8)a 7.5 (1.0)a 5.8 (1.7)b 3.7 (1.4)c F = 296.4*
SPPB2 10.9 (1.6)a 9.1 (2.6)b 6.1 (3.5)c 5.3 (3.6)d F = 157.6*
MMSE3 27.7 (2.1)a 26.9 (2.4)b 26.4 (2.5)b 25.6 (2.8)c F = 22.6*
Short GDS4 2.5 (2.4)a 3.7 (2.8)b 5.0 (2.7)c 4.8 (3.0)c F = 33.7*
Pathologies5 2.2 (1.7)a 3.6 (1.7)b 4.0 (1.9)b 4.0 (2.0)b F = 40.2*
Drugs5 4.2 (3.1)a 5.9 (3.8)b 8.2 (4.8)c 9.4 (5.6)c F = 45.4*
Continuous variables: the means for each level of dependence (in brackets: standard deviation). The means associated with the same letter were not 
significantly different (P > 0.05). Categorical variable: the percentages for each level of dependence. The percentages for each level of dependence were 
compared using a χ2 test. F ratios and χ2 values: *P < 0.001.
1IADL: Instrumental Activities of Daily Living Scale (Lawton and Brody 1969). This questionnaire assesses one’s ability to perform the tasks that are necessary 
to live independently (maximum score: 8).
2SPPB: Short Physical Performance Battery (Guralnik et al. 1994). This test detects mobility limitations by measuring physical strength, endurance, and bal-
ance (maximum score: 12).
3MMSE (Folstein et al. 1975). Scores >25 points (out of 30): normal cognition. Scores ranging from 20 to 24: mild cognitive impairment (people with a 
score <20 were not included in the study).
4GDS: short form of the Geriatric Depression Scale (Sheikh 1986) (maximum score: 15).
5For each respondent, the number of diseases and the number of drugs were collected through medical prescription.
Table 4 Pearson’s correlations between the sensory scores
Short 
ETOC
Odor 
detection
Odor 
discrimination
Odor 
categorization
Taste 
detection
Salt 
detection
Short ETOC 1
Odor detection 0.48 1
Odor discrimination 0.28 0.37 1
Odor categorization 0.52 0.71 0.35 1
Taste detection 0.05 0.03 0.04 0.05 1
Salt detection 0.05 0.06 0.03 0.05 0.84 1
Significant correlations are indicated in bold; P < 0.05.
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the ANOVA, each sensory score was associated with a sig-
nificant cluster effect (P < 0.001) (Table 5).
Cluster 1, which accounted for 43% of the elderly sample 
(n  =  238), included the elderly participants who displayed 
well-preserved olfactory and gustatory abilities. For all of 
the tests, this cluster obtained the highest scores among 
those observed in the sample of elderly people (Table  5, 
post-hoc analyses). This cluster was labeled “chemosensory 
preserved.” The performances of this cluster were com-
pared with those of young participants by computing the 
t-statistic when the variances were equal or the Cochran 
and Cox (1950) approximation when the variances were 
unequal (Table 5, last column). According to the results, the 
elderly respondents of the first cluster performed less well 
than the young participants on the short ETOC detection 
score (t258 = 16.77; P < 0.001), the odor detection score of the 
monadic test (t143 = 3.82; P < 0.001), the odor categorization 
score (t143 = 10.81; P < 0.001) and, to a lesser extent, the taste 
detection score (t82 = 2.00; P < 0.05) and the odor discrim-
ination score (t299  =  1.89; P  =  0.06). No significant differ-
ence was observed for the salt detection score (t82 = 0.07; P 
> 0.05). Notwithstanding their preserved abilities compared 
with their counterparts, the elderly participants of cluster 1 
performed somewhat less well than the young participants 
on the olfactory tests, specifically the tests that included low 
intensity odors, such as the ETOC test, and the tests that 
required semantic processes, such as the categorization task.
Cluster 2 (n = 186; 33% of the elderly sample) included the 
elderly participants who experienced difficulties in perceiving 
the salty taste but not odors. In fact, this cluster obtained the 
lowest gustatory scores among those that were observed in 
the sample of elderly people, whereas this group’s olfactory 
scores were not significantly different from those of cluster 
1. This cluster was labeled “strong gustatory impairment.”
The elderly participants of cluster 3 (n  =  120; 21% of 
the elderly sample) displayed impaired olfactory and gus-
tatory abilities. Regarding olfaction, this impairment was 
particularly evident for the detection task of the short ETOC 
and, to a slightly lesser extent, the discrimination test and the 
categorization task. However, although their monadic detec-
tion test scores were lower than those of clusters 1 and 2, the 
participants of cluster 3 remained able to perceive odors of 
moderate intensity. Regarding taste, the scores of this cluster 
were lower than those of cluster 1 but higher than those of 
cluster 2. This cluster was labeled “chemosensory impaired.”
Finally, a fourth and small cluster (n  =  15; 3% of the 
elderly sample) presented severely impaired olfaction, with 
very low detection scores, on both the short ETOC and the 
monadic olfactory test. As can be expected, this impairment 
in the ability to perceive odors was combined with low scores 
on the discrimination test and the categorization test. Not 
surprisingly, it is difficult to categorize or even distinguish 
between different odor qualities if  the odors are barely per-
ceived. All of the olfactory scores of this cluster were signifi-
cantly lower than those of cluster 3. However, the gustatory 
scores of cluster 4 were significantly lower than those of 
cluster 1 but higher than those of cluster 2. Cluster 4 was 
labeled “severe olfactory impairment.”
Based on the background information that was collected 
during the survey, each cluster was portrayed according to 
the following variables: age, gender, cognitive status (MMSE 
score), dental status, drug use, smoking status, and depend-
ence (Table  6). Regarding the continuous variables (age, 
MMSE), the means for each cluster were compared using 
a one-way ANOVA followed by a post-hoc comparison of 
means. Regarding the categorical variables, the percentages 
for each cluster were compared using χ2 tests. As shown in 
Table 6, the cluster 1 (chemosensory-preserved cluster) par-
ticipants were younger and less likely to report poor denti-
tion and the use of drugs with side effects on chemosensory 
perception than were the other clusters. By contrast, the 
clusters 3 and 4 (moderate and severe olfactory impairment) 
participants were older and more likely to report poor denti-
tion and the use of drugs with side effects on chemosensory 
Table 5 Segmentation of the sample of elderly people according to chemosensory performances
Scores Elderly sample Young panel
Cluster 1 Cluster 2 Cluster 3 Cluster 4
n 238 186 120 15 63
Short ETOC 0.77 (0.20)a 0.77 (0.21)a 0.41 (0.28)b 0.08 (0.22)c 0.99 (0.02)
Odor detection1 0.93 (0.09)a 0.93 (0.08)a 0.76 (0.17)b 0.18 (0.25)c 0.97 (0.06)
Odor discrimination 0.78 (0.26)a 0.79 (0.27)a 0.52 (0.28)b 0.04 (0.12)c 0.85 (0.30)
Odor categorization1 0.73 (0.14)a 0.74 (0.14)a 0.44 (0.15)b 0.08 (0.15)c 0.90 (0.09)
Taste detection 0.81 (0.10)a 0.54 (0.12)c 0.66 (0.14)b 0.67 (0.20)b 0.84 (0.13)
Salt detection 0.85 (0.12)a 0.49 (0.15)c 0.67 (0.19)b 0.66 (0.26)b 0.85 (0.16)
The means for each cluster and for each sensory score (in brackets: standard deviation). The means associated with the same letter were not significantly 
different (P > 0.05). The last column presents the scores that were obtained with a young panel.
1Scores computed from the results of the monadic olfactory test.
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perception. No differences in gender and smoking status 
were found between the clusters. Cluster 2 did not stand out 
from the other clusters in terms of the measured variables. 
Finally, the respondents in cluster 1 were more likely to be 
autonomous, that is, living at home without help. By con-
trast, the respondents in clusters 3 and 4 were more likely to 
be dependent, that is, living at home with help or living in a 
nursing home.
Impact of age versus dependency on chemosensory 
performances
The sensory scores were submitted to an ANCOVA with gen-
der and dependency category as categorical independent var-
iables and age as a numerical independent variable (Table 7). 
Because the interactions were not significant, they were 
removed from the model. The results showed that the odor 
detection and categorization scores of the monadic olfactory 
test were associated with a significant age effect and a sig-
nificant gender effect. As shown in Figure 1, the females out-
performed the males, and the performances decreased with 
age for both genders. Interestingly, the short ETOC score, the 
odor discrimination score and the taste detection score were 
associated with a significant dependency category effect. The 
short ETOC score was also associated with an age effect, and 
this effect just failed to be significant for the taste detection 
score (P  =  0.06). No age effect was observed for the odor 
discrimination score. According to the post-hoc analysis, 
the autonomous elderly people (category 1) obtained higher 
ETOC and taste detection scores than did the depend-
ent elderly people (Figure 2a,b), whereas the performances 
decreased (ETOC) or tended to decrease (taste) with age for 
all categories. With regard to the odor discrimination score, 
the elderly people who lived at home without help or with 
help that was unrelated to food activities (categories 1 and 
2) outperformed the elderly people who lived at home with 
help that was related to food activities (category 3). The dis-
crimination score of the elderly people who lived in a nurs-
ing home (category 4) was intermediate and not significantly 
Table 6 Descriptive characteristics of the clusters
Cluster 1 Cluster 2 Cluster 3 Cluster 4
Age 76.8 (7.8)a 79.2 (8.3)b 82.5 (7.0)c 85.1 (6.2)c F = 17.52**
Male 27% (64) 30% (56) 38% (46) 40% (6) X2 = 5.54
MMSE1 27.6 (2.1)a 27.2 (2.4)a 25.9 (2.7)b 25.7 (3.0)b F = 13.76**
Percentage of people with 20 < MMSE < 24 8% (15) 13% (20) 25% (28) 21% (3) X2 = 19.58**
Poor dentition2 19% (45) 25% (46) 33% (40) 60% (9) X2 = 18.95**
Drugs liable to affect olfaction/taste3 45% (107) 49% (91) 59% (71) 80% (12) X2 = 11.92*
Nonsmoker 66% (158) 66% (122) 63% (76) 60% (9) X2 = 9.05
Former smoker 27% (65) 33% (61) 32% (38) 40% (6)
Smoker 6% (15) 2% (3) 6% (6) 0% (0)
At home without help 66% (157) 50% (93) 30% (36) 20% (3) X2 = 66.84**
At home with help unrelated to food 12% (29) 12% (23) 18% (22) 0% (0)
At home with help related to food activity 15% (35) 18% (34) 21% (25) 47% (7)
Nursing home 7% (17) 19% (36) 31% (37) 33% (5)
Continuous variables: the means for each cluster (in brackets: standard deviation). The means associated with the same letter were not significantly dif-
ferent (P > 0.05). Categorical variables: the percentages for each cluster (in brackets: size). The percentages for each cluster were compared using a X2 
test. Bold values were significantly higher than expected percentage, whereas italicized values were significantly lower (P < 0.05). F ratios and X2 values: 
*P < 0.01; **P < 0.001.
1MMSE (Folstein et al. 1975). Scores >25 points (out of 30): normal cognition. Scores ranging from 20 to 24: mild cognitive impairment (people with a 
score <20 were not included in the study).
2Percentage of respondents with incomplete dentition, with or without a denture.
3Percentage of respondents who reported taking at least one drug that is liable to affect odor or taste perception per day.
Table 7 Impact of age, gender, and dependency category on 
chemosensory performances
Age Gender Dependency 
category
Short ETOC 10.55** 2.31 4.08**
Odor detection1 7.88** 9.07** 1.96
Odor discrimination 0.01 0.39 2.62*
Odor categorization1 26.32*** 15.03*** 1.31
Taste detection 3.36 0.20 3.45*
Salt detection 1.28 0.44 1.61
Presentation of the F ratios and significance levels (*P < 0.05; **P < 0.01; 
***P < 0.001) that were obtained from the ANCOVA performed on each 
sensory score.
1Scores computed from the results of the monadic olfactory test.
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different from the scores of the other categories (Figure 2c). 
No significant effect was observed for the salt detection score.
Discussion
Evidence for different patterns of chemosensory 
impairment
Beyond the mean effect of age on chemosensory abilities that 
has been frequently reported in the scientific literature (Doty 
et al. 1984b; Mojet et al. 2001; Murphy et al. 2002; Mojet 
et al. 2003; Mackay-Sim et al. 2004; Schubert et al. 2012), the 
present work showed substantial variations in the olfactory 
and gustatory performances of elderly people. The current 
results showed that 21% of the sample presented impaired 
olfactory and gustatory abilities (cluster 3). A  small num-
ber of subjects (3% of the sample) were nearly unable to 
perceive odors (close to anosmia) but remained able to per-
ceive the salty taste (cluster 4). By contrast, 33% of the sam-
ple presented salt detection impairment without olfactory 
impairment (cluster 3). Finally, 43% of the sample presented 
relatively good olfactory and gustatory abilities (cluster 1).
The current results showed that gustation and olfaction 
are not systematically damaged simultaneously. This was 
shown through the segmentation of the results and correla-
tions between the scores. For example, although the seniors 
of cluster 2 presented severely impaired gustatory abilities, 
they displayed quite good olfactory abilities. The absence 
of a significant correlation between gustatory and olfactory 
scores reinforces the results that were obtained in previous 
studies with different age groups that ranged from 19 to 
87 years (Cowart 1989; Stinton et al. 2010; Sulmont-Rossé 
et  al. 2010; Lundström et  al. 2012). No such discrepancy 
was observed for the different olfactory abilities (detection, 
Figure 1  Relationship between age and the odor detection score (A) and the odor categorization score (B) for each gender (monadic olfactory test). F 
ratios: *P < 0.05; **P < 0.01; ***P < 0.001.
Figure 2  Relationship between age and the short ETOC score (A), the taste detection score (B), and the odor discrimination score (C) for each depend-
ency category. F ratios: (*)P < 0.10; *P < 0.05; **P < 0.01; ***P < 0.001.
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discrimination, categorization). The hypothesis that some 
respondents could present lower abilities for some olfactory 
abilities but not all (e.g., some respondents could have pre-
sented impaired categorization but preserved detection and 
discrimination, whereas others could have presented impair-
ment for these 3 tasks) was not confirmed.
Beyond the physiological mechanisms that are inherent 
in the aging process per se, several factors that are associ-
ated with aging are likely to affect chemosensory perception. 
These factors are most likely responsible for a large part 
of the variability that was observed in the current sample. 
Exposure to environmental pollutants (exposure to metals, 
dust, organic compounds, etc.), notably in a professional 
context (Amoore 1986; Corwin et  al. 1995), poor dental 
health (Griep et al. 1997; Lamy et al. 1999), certain deficien-
cies and a wide range of pathological conditions (Doty 1991; 
Murphy et  al. 2002; Imoscopi et  al. 2012; Schubert et  al. 
2012; Henkin et  al. 2013), and the use of a large number 
of drugs (Schiffman 1991; Doty and Bromley 2004; Henkin 
et al. 2013) may amplify the age-related impairment in chem-
osensory performance. Furthermore, the senses of taste and 
smell are not necessarily affected by the same factors or to 
the same degree (Mor et al. 1994). In fact, both gustatory 
and olfactory dysfunctions may be associated with oral and 
systemic diseases, or drugs. However, as the olfactory neu-
rons are in direct contact with the external environment, they 
are more likely to be exposed to environmental aggressive 
factors than gustatory cells (Weiffentbach 1991).
Although the current study did not measure exposure to 
environmental pollutants, it found that seniors who pre-
sented impaired olfactory abilities (clusters 3 and 4)  were 
more likely to have poor dental health and to take drugs 
that had side effects on chemosensory performance than 
were seniors with preserved olfactory abilities (cluster 1). We 
also found a negative relationship between olfactory perfor-
mance and the MMSE score, with lower MMSE scores in 
cluster 3 than in cluster 1. However, 75% of the participants 
of cluster 3 obtained an MMSE score that was above 24 and, 
thus, presented no cognitive impairment (Table 6). In other 
words, cognitive impairment alone cannot explain the low 
chemosensory scores in this cluster. Finally, we found no link 
between smoking status and impaired chemosensory abili-
ties. This finding remains controversial in the literature, as 
several authors reported a link between smoking status and 
olfactory performance (de Jong et  al. 1999; Murphy et  al. 
2002; Doty et al. 2011; Schubert et al. 2012), whereas others 
found no link (Mackay-Sim et al. 2004). Of note, the current 
sample included only 5% of current smokers compared with 
30% of former smokers and 65% of nonsmokers.
Impact of age versus dependency on chemosensory 
performances
The results of the current survey showed a link between the 
level of dependence (free living vs. living at home with help vs. 
in a nursing home) and chemosensory abilities, independently 
of the effect of age. A high level of dependence was signifi-
cantly associated with a lower ability to detect low concentra-
tion odors (ETOC test), distinguish between different qualities 
of odors and detect the salty taste. These findings reinforce 
the results of the studies that were mentioned in the introduc-
tion (Pelchat and Burkhardt-Kulpa 1996; de Jong et al. 1999; 
Gopinath et al. 2012). In a study of 89 independently living 
elderly people and 67 institutionalized elderly people, de Jong 
et al. (1999) found that independently of age and sex, depend-
ence significantly contributed to variance in the identification 
of odors and the discrimination between tastes. Together, these 
results strengthen the hypothesis that age leads to an impair-
ment of chemosensory abilities (cf., clusters 3 and 4) but that 
this impairment is not only an effect of age per se (« idiopathic 
age-related impairment »); rather, it is related to events that are 
associated with aging (failing health, drugs, deterioration in 
dental health, etc.) (Mackay-Sim et al. 2006). In other words, 
the factors that lead to increased dependence (such as a poor 
health status) may also lead to an impairment of chemosen-
sory performance (Nordin et al. 2012).
Nonetheless, the impact of age versus that of dependence 
varies depending on the chemosensory ability tested. The 
performances on the ETOC and gustatory test were associ-
ated with both an age and a dependence effect (the effect of 
age just failed to be significant for the taste score; P = 0.06), 
whereas the performances on the olfactory discrimination test 
were only associated with a dependence effect. As a reminder, 
this last test involved odors with intensities that were consid-
erably greater than threshold levels, whereas the former tests 
included stimuli that were around or slightly above the thresh-
old level. It can be hypothesized that age per se impacts the 
perception of stimuli at a low intensity level, whereas the fac-
tors that are associated with dependence, such as pathologi-
cal status or drugs, may impact the perception of stimuli at a 
high intensity level. Finally, the 2 scores that were determined 
from the monadic olfaction test were not related to the level 
of dependency but were associated with sex and age, notably 
with women displaying better performances than men. This 
effect of sex confirmed earlier studies (Murphy et  al. 2002; 
Schubert et  al. 2012). This effect may be explained by the 
choice of odors (foods, flowers, perfumes) and the nature of 
the task—determine whether the odor is of something « edi-
ble ». This task has a close relationship with the preparation 
of meals, which is traditionally the role of women particularly 
for the generations that were tested.
Limitations and strengths of the present experiment
A first limitation of the present study was that older peo-
ple suffering from cognitive impairment were not included, 
despite the increase of cognitive disorders with dependency 
(Millán-Calentia et al. 2010). It is acknowledged that chem-
osensory function could be affected by cognitive impairment 
(Doty 1991; Hedner et al. 2010; Wong et al. 2010). A decrease 
in odor identification was even pinpointed to be an early sign 
of the onset of cognitive disabilities (Wilson et al. 2007) or 
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neurodegenerative diseases (Ross et al. 2008). However, the 
tests used in the present experiment (and in almost all if  not 
all surveys exploring the impact of aging on chemosensory 
abilities) require a verbal response: for people suffering from 
cognitive impairment, a wrong answer could either indicate 
a true inability to detect the stimulus, and/or an inability to 
understand the instructions/to provide a coherent answer. 
Further methodological development is definitively needed 
to design nonverbal test validated for people suffering from 
cognitive impairment, in order to decipher the impact of age 
versus cognitive impairment on chemosensory abilities.
A second limitation of the present experiment was the 
assessment of only one taste—salt perception—to evaluate 
gustatory ability. It would have been definitively very inter-
esting to include other tastes or at least a taste including a 
different transduction mechanism (e.g., sweet or bitter taste). 
However, Mojet et al. (2003) showed strong correlations for 
the elderly between sensitivities to different tastants. Notably, 
sensitivity to NaCl was significantly correlated with sweet, 
sour, and umami tastants (Mojet et  al. 2001). Moreover, 
when selecting the tests, we sought a compromise between 
having a sufficient number of tests and stimuli, and the risk 
of tiring/exasperating the participants. We prioritized olfac-
tion tests over gustation tests, as previous studies showed 
that olfaction is modified to a greater degree with aging than 
is taste (Stevens et al. 1984; Sulmont-Rossé et al. 2010).
Concerning methodology, a strength of the current work 
was to propose a battery of tests to explore the variability of 
chemosensory abilities within a population of elderly depend-
ent subjects. In line with the authors who recommended the 
use of a composite score rather than a single measurement to 
evaluate olfaction (Cain and Rabin 1989; Hummel et al. 1997), 
we selected a battery of olfaction tests to evaluate the partici-
pants’ ability to detect, discriminate, and categorize different 
odors. The odors were selected to be representative of a daily 
olfactory environment. In particular, we included many food 
smells, which made this battery of tests particularly pertinent 
to study the relationship between olfactory perception and eat-
ing behavior in elderly people. Finally, depending on the test, 
different concentrations were used, ranging from a concentra-
tion that was close to the threshold (ETOC test) to a concen-
tration that was far above this threshold (discrimination test). 
This method allowed us to explore a wide range of olfactory 
intensities. We included olfactory tests with different levels of 
difficulty. Interestingly, we found that the largest difference 
between cluster 1 (preserved chemosensory ability) and the 
young participants occurred in the most difficult tests, that is 
to say, those with the weakest olfactory intensity (short ETOC 
test) and the test that required the strongest cognitive resources 
(categorization task).
Conclusion
In conclusion, this work revealed different degrees of  olfac-
tory and gustatory impairment in an elderly population. 
Nearly half  of  the tested population presented well-pre-
served chemosensory abilities that were relatively close to 
those of  younger subjects. This was particularly true when 
the chemosensory abilities were tested using « easy » tests 
(high olfactory intensity; tasks with little demand on cog-
nitive resources). Nearly one-fourth of  the participants 
presented a moderate impairment in olfactory and gusta-
tory abilities. Beyond the effect of  age per se, it seemed that 
this impairment was related to factors that were specific 
to each person’s lifetime experiences (poor health, con-
sumption of  medication, deterioration in cognitive status, 
deterioration in dental health...). Finally, showing that 
gustation and olfaction were not consistently impaired to 
the same extent, one-third of  the sample presented rela-
tively well-preserved olfactory abilities but a clear impair-
ment in salt perception.
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